Objective: To investigate the association between total level and type of alcohol consumed and glycaemia. Design: Cross-sectional study. Setting: The EPIC-Norfolk Study, a population-based cohort study of diet and chronic disease. Subjects and methods: Non-diabetic men (n ¼ 2842) and women (n ¼ 3572), aged 40 -78 y. Alcohol intake was assessed by self-reported questionnaire, and glycaemia measured by glycosylated haemoglobin (HbA 1c ). Results: Ten percent of men and 18% of women reported drinking no alcohol. Among drinkers, median alcohol intake was 8 units=week for men and 3 units=week for women. In analyses stratified by sex and adjusted for age, total energy intake, education, fruit and vegetable intake, smoking, family history of diabetes, physical activity, body mass index and waist:hip ratio, alcohol intake was inversely associated with HbA 1c in men and women, although the association was stronger in women. A 1 unit=week increase in alcohol intake was associated with 0.0049% (s.e. ¼ 0.00223; P-value ¼ 0.028) and 0.017% (s.e. ¼ 0.00343; P-value < 0.001) reduction in HbA 1c in men and women respectively. In similar multivariate analyses, wine intake was inversely associated with HbA 1c in men, and wine, spirits and beer intake were inversely associated with HbA 1c in women. When also adjusted for total alcohol intake, only the association between wine intake and HbA 1c in men remained significant. Conclusion: Alcohol intake was associated with lower HbA 1c level, an association not explained by confounding. The distinction between type of alcohol consumed was particularly important in men. Sponsorship: NJW is an MRC Clinician Scientist Fellow.
Introduction
Hyperglycaemia, as measured by glycosylated haemoglobin (HbA 1c ), is related to all-cause and cardiovascular disease (CVD) mortality. In the EPIC-Norfolk study, HbA 1c was positively related to all-cause and coronary heart and cardiovascular disease mortality in men across the normal range of HbA 1c . The Rancho Bernardo (Park et al, 1996) and Framingham Heart Studies (Singer et al, 1992) found a positive association between HbA 1c and CVD and coronary heart disease (CHD) only in women. Other continuous measures of glycaemia (fasting=2 h glucose) have also been associated with increased risk of mortality (Coutinho et al, 1999) . Understanding the population determinants of continuous measures of glycaemia may contribute to understanding the aetiology and designing populationlevel interventions.
Previous studies indicate that light to moderate alcohol intake may have beneficial effects on glycaemia, although the results are inconsistent. In the EPIC-Potsdam cohort (Boeing et al, 2000) HbA 1c was inversely related to alcohol intake, and in the Hoorn Study (Mooy et al, 1995) 2 h plasma glucose was negatively associated with alcohol intake, if alcohol intake was less than 30 g=day. However, there was a positive association between plasma glucose and alcohol intake in the Hoorn Study for women drinking more than 30 g=day. Other studies have reported positive associations between fasting plasma glucose and alcohol intake (Godsland et al, 1998; Selby et al, 1987) . Studies investigating the effect of alcohol consumption on the risk of developing type 2 diabetes are similarly inconsistent. Several report that moderate alcohol intake significantly decreases the risk of type 2 diabetes (Ajani et al, 2000; Conigrave et al, 2001; Rimm et al, 1995; Stampfer et al, 1988) or describe a U-shaped association between alcohol intake and risk of diabetes (Perry et al, 1995; Wei et al, 2000) . However others report no association (Hodge et al, 1993; Levitt et al, 1999) or a positive association (Holbrook et al, 1990; Monterrosa et al, 1995) . Studies including men and women in their sample population have found sex differences (Holbrook et al, 1990; Kao et al, 2001; Monterrosa et al, 1995) , suggesting a positive association with risk of diabetes in men and a negative or no association in women.
To our knowledge, no studies have investigated the effect of total and type of alcohol consumed on HbA 1c . We therefore undertook an analysis of the cross-sectional association between total and type of alcohol consumed and HbA 1c , in a Caucasian population of men and women aged 40 -78 y.
Methods

Study population
The people in this study were participants in the Norfolk arm of the European Prospective Investigation into Cancer (EPIC). EPIC-Norfolk is part of an international multicentre cohort study designed to investigate the relationship between diet and cancer (Riboli & Kaaks, 1997) . The Norfolk study broadened its scope to include chronic diseases other then cancer, and lifestyle exposures other than diet. Approval for the study was obtained from the Norfolk Local Research Ethics Committee.
EPIC-Norfolk is a population-based cohort study, which recruited volunteers from March 1993 to the end of 1997 . General practices in the city of Norwich, England, and surrounding small towns were invited to participate. All individuals in the age range 40 -75 in each general practice were invited to take part. Those who consented were invited to attend for a health check. Of the 77 630 individuals contacted, 39% consented to take part and 25 633 (33%) attended the health check, which was close to the target recruitment figure of 25 000. In November 1995, mid-way through recruitment of the cohort, the measurement of HbA 1c commenced. The sub-cohort selected for this analysis comprises all individuals who had HbA 1c measured and whose data had been processed by July 1998.
Data collection
Volunteers completed a detailed health and lifestyle questionnaire. It included questions on personal and family history of diabetes, physical activity, smoking, education, diet and alcohol intake. Three questions addressed the respondent's personal history of diabetes. The questions asked whether they had ever been told by a doctor that they had diabetes; whether they had modified their diet in the past year due to diabetes; and whether they followed a diabetic diet. A positive response to any of these questions was taken as an indication of prevalent diabetes. Family history of diabetes was covered in a question asking whether any of the respondent's immediate family had diabetes. The age at which diabetes was diagnosed in mother, father and=or siblings was recorded. A four-point physical activity index was used combining level of occupational activity and recreational physical activity (hours per week in cycling and other recreational activity). Smoking was derived from questions asking whether they had ever smoked as much as one cigarette a day, whether they were current smokers, and, if they smoked, the number of cigarettes smoked each day. Participants were put into one of five smoking categories: never smoked, former smoker, and three categories of current smoker ( 7 15, 7 30, > 30 cigarettes per day). The weekly consumption of fresh fruit and vegetables and alcoholic drinks was reported.
Respondents were asked 'At present, about how many alcoholic drinks do you have each week?' Separate responses were given for four categories of alcoholic drink: beer, lager or cider, wine, spirits (whisky, gin, brandy, liqueurs, etc) , and fortified wine. Respondents were requested to put '0' if they drank none of the beverage, or to tick a separate box labelled 'occasional' if they had less than one drink a week. Otherwise, they were asked to enter the number of pints of beer, cider or lager, and the number of glasses of wine, spirits and fortified wine drunk each week. Responses were converted to units of alcohol per week, taking 0.5 pints beer, lager or cider, and one glass of wine, spirits or fortified wine to be equivalent to one unit of alcohol (8 g by weight). 'Occasional drinkers' were assumed to drink 0.25 units of alcohol per week. The health and lifestyle questionnaire asked nondrinkers if they were lifelong teetotallers.
Total energy intake was estimated from a semi-quantitative food frequency questionnaire (Bingham et al, 1997) , which volunteers completed before attending a health check. Research nurses at the EPIC-Norfolk clinic carried out standardised health checks. Anthropometric measurements were taken with participants dressed in light clothing and without shoes. Height was measured to the nearest 0.1 cm using a stadiometer, and weight was measured to the nearest 100 g using Salter scales. Body mass index (BMI) was calculated as weight (kg)=height 2 (m). Of those attending the health check, 95% consented to have blood taken. A sample of EDTA-anticoagulated blood was taken for HbA 1c measurement. The blood was stored in a refrigerator at 4 -7 C until it was transported at ambient temperature to be Alcohol consumption and glycosylated haemoglobin A-H Harding et al assayed, within one week of sampling. The HbA 1c assays were undertaken using high-performance liquid chromatography on a Bio-Rad Diamat (Richmond, CA, USA; Standing & Taylor, 1992) . The coefficient of variation was 3.6% at the lower end of the range (mean 4.9%) and 3.0% at the upper end of the range (mean 9.8%).
Statistical analysis
Individuals with self-reported diabetes were excluded from the analysis since it is probable that they would have changed their alcohol intake and diet after diagnosis, or would have altered how they reported it. Data for the two sexes were analysed separately. Further education was used as an index of socio-economic status. The associations between potential confounding variables, total energy intake, age, education, fruit consumption, vegetable consumption, cigarette smoking, physical activity, family history of diabetes, waist-to-hip ratio (WHR) and BMI, and the exposures and outcome were explored by correlation analysis or analysis of variance. Exploratory data analysis indicated that the observed relationships between alcohol consumption and HbA 1c were similar when alcohol consumption was included as a category and when included as a continuous variable. Different boundaries for the categories of alcohol intake were required for men and women, and for total alcohol intake and the individual types of alcohol, thereby reducing the comparability of the analyses. Consequently, alcohol intake was analysed as a continuous variable. Linear regression methods were used to investigate the relationship between HbA 1c and alcohol intake in a series of models. A quadratic term for alcohol intake was included in all models, to allow for a non-linear relationship between HbA 1c and alcohol intake. Total alcohol, and the four main types of alcohol (beer, lager or cider, wine, spirits, and fortified wine) were analysed. The simplest model included only alcohol intake, adjusted for total energy intake and age. The final model included alcohol and total energy intake, age, education, fruit consumption, vegetable consumption, cigarette smoking, physical activity, family history of diabetes, WHR and BMI. The coefficient for alcohol in this model can be interpreted as the effect on HbA 1c of a unit per week change in alcohol consumption at a constant level of total energy intake. A similar model in which former drinkers were excluded was also investigated. Similar models were developed for the individual types of alcohol. The final model for the types of alcohol consumed included all the potential confounding variables and total alcohol intake.
Results
A total of 7056 men and women, who had HbA 1c measured at the baseline health check and whose data had been processed before July 1998, were eligible for this study. Of these, 82 women and 113 men reported having diabetes at baseline and were excluded from the analysis. A further 319 women and 323 men had missing covariates, leaving 6414 men and women in the study. Nearly 10% of men and 18% of women were non-drinkers, and of these 79 and 60%, respectively, were former drinkers. Amongst drinkers, the median total alcohol intake was 7.75 units=week (1 unit ¼ 8 g alcohol) for men and three units=week for women. The 90th percentiles of intake were 26 units=week and 13.5 units=week respectively. Distinct (Tables 1 and 2 ). There was a tendency for those with further education, those who were more physically active and those who smoked to be in the higher categories of alcohol consumption. In women, BMI and WHR decreased significantly with increasing alcohol intake while in men there was a non-significant trend of increasing BMI and WHR with increasing alcohol intake. The type of alcohol consumed differed between men and women (Table 3) . Men drank relatively more beer than women; the median percentage of total alcohol that came from beer was 38% for men and 0% for women. On the other hand, women drank relatively more wine than men; the median intake from wine was 50% for women and 25% for men. The proportion of alcohol derived from spirits was similar for men and women. Although neither men nor women consumed much fortified wine, women drank relatively more fortified wine. The correlation coefficients (Table  4) suggest that, unadjusted for any potential confounding variables, in women the inverse associations between total alcohol and wine intake and HbA 1c were approximately twice as large as in men. The associations with beer and fortified wine were similar in men and women. There was no evidence that spirits intake was associated with HbA 1c in men, although there was in women. Fruit and vegetable intakes tended to be negatively associated with beer and spirits, and positively associated with wine consumption. Alcohol intake was positively associated with BMI and WHR in men, and negatively associated with BMI and WHR in women.
In the basic linear regression model (model 1, Table 5 ), alcohol intake adjusted for total energy intake and age was not associated with HbA 1c in men (b ¼ 7 0.00341; P ¼ 0.121). There was no evidence that the association between alcohol and HbA 1c was non-linear (quadratic term, b ¼ 0.0000193; P ¼ 0.625). When the potential confounders, further education, fruit and vegetable intakes, cigarette smoking, physical activity and family history of diabetes, were included in the regression (model 2), the effect of alcohol was strengthened (b ¼ 7 0.00446; P ¼ 0.046). Including BMI and WHR into this model (model 3) and excluding former drinkers from the analysis (model 4), strengthened the association between alcohol and HbA 1c further.
In women, alcohol intake adjusted for total energy intake and age (model 1, Table 5 ) was significantly associated with HbA 1c (b ¼ 7 0.0200; P < 0.001), and there was evidence that the association was non-linear (quadratic term, b ¼ 0.000388; (Table 6 ), in men there was an association between HbA 1c level and wine intake (b ¼ 7 0.0196; P ¼ 0.002). There was no evidence of nonlinearity in the relationship (quadratic term; b ¼ 0.000443; P ¼ 0.130). The association remained when former drinkers were excluded (not shown). Although attenuated when total alcohol was included in the model, the association with wine intake remained significant (b ¼ 7 0.0153; P ¼ 0.021). There was no evidence of any association between beer, spirits and fortified wine intake and HbA 1c level.
Glycosylated haemoglobin (Table 6 ) was associated with intake of wine (b ¼ 7 0.0204; P < 0.001), beer (b ¼ 7 0.0211; P ¼ 0.004) and spirits (b ¼ 7 0.0280; P < 0.001) in women. There was some evidence that the relationships were nonlinear. The effects were not materially changed when former drinkers were excluded, but all the associations were strongly attenuated when total alcohol intake was included in the regression and were no longer statistically significant (P > 0.300). 
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Discussion
In this study, we have demonstrated an inverse association between total alcohol intake and HbA 1c , in a population of men and women without self-reported diabetes. The association was stronger in women than in men. In women, the effect of alcohol was not specific to any type of drink, with the effects of wine, beer and spirits similar to that of total alcohol. The association between wine intake and HbA 1c was similar in men and women, although in women it was strongly attenuated when adjusted for total alcohol intake. There was no evidence of an association with fortified wine, which may be due to the small proportion of the population drinking fortified wine ( < 40% of men and < 50% of women) and the limited range of intake (99th percentile among drinkers was 10 units=week in men and women). It is unlikely that chance was an explanation for the consistent associations between HbA 1c and alcohol intake observed in this large study. The EPIC-Norfolk study was designed as a population-based cohort study, which would allow comparisons to be made within the cohort, both crosssectionally and over time. In terms of anthropometric measurements, blood pressure and serum lipids, the EPIC-Norfolk cohort is similar to the population studied in the Health Survey of England . However, the EPICNorfolk cohort has a smaller proportion of current smokers than was observed in the Health Survey of England . This may be a reflection of selection bias. Since cigarette smoking is associated with an increased risk of various diseases, the EPIC-Norfolk cohort may be at reduced risk of smoking-related diseases compared to the general population. Although this selection may represent recruitment of a relatively healthy cohort, it is unlikely to affect the cross-sectional relationship between HbA 1c and alcohol consumption. The similarity of the EPIC-Norfolk cohort to nationally representative samples with respect to other variables suggests that any bias resulting from selection is likely to be small. There was no evidence of any difference in age and BMI between the study group defined for this analysis and the entire EPIC-Norfolk cohort (Sargeant et al, 2000) . A definition of diabetes was chosen which would exclude those who may have changed their diet following a diagnosis of diabetes. Of those who reported on the health and lifestyle questionnaire that they had modified their diet because of diabetes, 72% were also taking diabetic medication or had an HbA 1c measurement of > 7% (Sargeant et al, 2000) .
Confounding is the major issue affecting the inferences that can be drawn from this study. Tables 1 and 2 suggest a complex pattern of confounding which may differ between men and women. The observed associations were independent of obesity, as measured by BMI and WHR. Whether obesity is a true confounder or not depends on whether it is part of the causal pathway between alcohol intake and HbA 1c . Alcohol intake is inversely related to body weight in women, but the relationship is less clear in men (Istvan et al, 1995) . In the Lung Health Study, total alcohol intake was related to a lower BMI whereas a greater modal intake was related to a higher BMI, in both men and women. The Rancho Bernado Study reported a positive relationship between WHR and alcohol consumption in men and women (Laws et al, 1990) . In our study, alcohol intake was inversely associated with BMI and WHR in women, and positively associated with BMI and WHR in men. If obesity is on the causal pathway, then adjustment for obesity will lead to over-adjustment. We considered age, further education, fruit and vegetable intakes, smoking, and physical activity to be potential confounders since they were related to HbA 1c in our population, and previous studies have suggested that lifestyle factors may be associated with choice and pattern of alcohol intake (Burke et al, 1995; Goldberg et al, 2001; Tjonneland et al, 1999) . Relative imprecision in the assessment of diet, smoking and physical activity leaves the possibility of residual confounding.
Measurement error may also affect the association between exposure and outcome, and will generally attenuate any observed associations. Usual alcohol intake was assessed by questionnaire, a method which is likely to recall modal quantities and thus underestimate the long-term average intake (Poikolainen, 1995) . A comparison of alcohol intake assessed by food frequency questionnaire (FFQ) and by diet records indicated that the FFQ gives lower absolute amounts of alcohol . Differences in the size of units reported would introduce some random error into our study, which would tend to attenuate relationships between variables. Alcohol intake is usually underestimated by study Alcohol consumption and glycosylated haemoglobin A-H Harding et al participants (Poikolainen, 1995) . If this underestimate is not linked to actual intake, then the shape of the observed association between HbA 1c and alcohol intake would not be affected but the distribution would be shifted horizontally away from the origin. Heavy drinkers are reported to underestimate their intake more than light drinkers (Poikolainen, 1995) . If this is the case, then the shape of the association will be changed, and the effects associated with heavy drinking will be exaggerated. The shape of the association between alcohol and glycaemia or risk of diabetes observed in previous studies has been both linear and non-linear, and in our study the association was linear in men and there was evidence of non-linearity in the association in women. The differences may result from incomplete adjustment for confounding, and from differences in reported alcohol intake.
The majority of studies indicate that light to moderate alcohol intake is protective against hyperglycaemia and diabetes. In the context of studies investigating the effect of alcohol consumption on the risk of mortality, considerable debate has revolved around the possibility that the protective effect of alcohol may be attributable to the presence of former drinkers with pre-existing disease amongst non-drinkers (Marmot, 2001; Poikolainen, 1995; Shaper et al, 1988) . In our study, we addressed this possibility by repeating the analysis with former drinkers excluded. The exclusion resulted in a modest strengthening of the observed associations (Table 5 , models 3 and 4). Consequently, our data do not provide any support for this explanation of the protective effect of moderate alcohol intake. Although the biological mechanisms underlying the apparently protective effect of alcohol need clarification, some plausible mechanisms have been proposed. Studies have reported that light to moderate alcohol consumption is associated with lower insulin resistance (Facchini et al, 1994; Flanagan et al, 2000; Lazarus et al, 1997; Mayer et al, 1993) . Acute insulin secretion and glucose disposal rates are enhanced after moderate alcohol intake (McMonagle & Felig, 1975; Metz et al, 1969) . However, heavy alcohol drinkers have decreased glucose tolerance and are at higher risk of diabetes (Lindegard & Langman, 1985) . Alcohol withdrawal improved glucose tolerance in alcoholics (Sereny & Endrenyi, 1978) .
Our study clearly demonstrated a stronger relationship between HbA 1c and total alcohol consumption in women than in men. In women, the beneficial relationship appeared to be independent of the type of alcohol consumed. On the other hand, only the intake of wine had any association with HbA 1c in men, and it appears that, for men, wine intake accounted for the beneficial effect of total alcohol intake on HbA 1c . The effect of drinking wine was very similar in men and women, and for women the effect of beer and spirits were similar to that of wine. Why, in men, the effect of beer and spirits was different to the effect of wine and was different to the effect of beer and spirits in women, is not clear. It may be due to the drinking patterns associated with each type of alcohol, and there may be sex differences in drinking patterns. Carlsson et al (2000) undertook a cross-sectional study investigating the association between alcohol consumption and impaired glucose tolerance and type 2 diabetes in Swedish men. High alcohol consumption was positively associated with diabetes, and moderate alcohol intake was negatively associated with impaired glucose tolerance. The positive association with diabetes was ascribed mainly to drinking beer and spirits, and not to wine. Stampfer et al (1988) found that, in women, the effect of specific alcoholic drinks on the risk of diabetes was similar to that of total alcohol. Generally, there has been little debate in the diabetes literature about the possible effect of the type of alcohol. In the literature relating to CVD and total mortality, considerable attention has been given to whether it is the effect of alcohol or the effect of specific alcoholic drinks that is important. Although individual studies have reported a differential effect between types of alcoholic drink (Gronbaek et al, 1995) , reviews of the effect of the types of alcohol on total mortality (Poikolainen, 1995) and CHD (Rimm et al, 1996) concluded that all alcoholic drinks are linked with lower risk. The relatively greater benefit which has been found in wine drinkers has been attributed to other lifestyle factors (Wannamethee & Shaper, 1999) .
The choice of alcoholic drink may be correlated with lifestyle and personality factors. Australian (Burke et al, 1995) men who preferred beer had a higher rate of smoking, chose a less healthy diet and drank larger volumes, and had higher scores for extraversion, resentment and verbal hostility, than those who drank wine. The Atherosclerosis Risk in Communities Study (Kao et al, 2001) found that wine consumption was associated with healthy behaviours whereas drinking beer or spirits was not. In a Danish study, people who preferred wine were younger, had a smaller proportion of smokers, and were more educated and less obese than all other groups of drinkers (Tjonneland et al, 1999) . Wine drinking was also associated with healthy dietary habits. However, the beneficial effects of wine drinking may simply be related to the context in which the alcohol is consumed, since wine tends to be drunk with meals more than beer and spirits (Truelsen et al, 1998) .
The US Health Professionals Follow-up Study (Conigrave et al, 2001) reported that an increased frequency of alcohol consumption reduced the risk of developing type 2 diabetes, irrespective of quantity, type of alcohol, or whether the alcohol was consumed with a meal. From the Insulin Resistance and Atherosclerosis Study, Bell et al (2000) reported that, although insulin sensitivity did not vary according to type of alcohol consumed, typical patterns of alcohol consumption predicted insulin sensitivity. Sensitivity was greater for those who drank the same amount each day, followed by those who drank more at weekends. The lowest sensitivity was found for those who only drank on special occasions. The possibility that there may be 'healthier' drinking patterns has also emerged from CVD research Alcohol consumption and glycosylated haemoglobin A-H Harding et al (Marmot, 2001) . A study investigating the effect of binge drinking of beer (Kauhanen et al, 1997) on CVD mortality suggested that such episodic drinking has an effect on health that is independent of total alcohol intake. However, we could not address this issue since information on the pattern of alcohol intake was not available. Little research into drinking patterns has been undertaken (Poikolainen, 1995) , and this is an area that needs further study. The current UK recommendations for safe drinking suggest a maximum weekly consumption of 21 units for men and 14 units for women. The alcohol consumption of the majority of our study population lay well within these limits, and our findings provide further evidence that moderate alcohol consumption may be one component of a healthy lifestyle. Further research into patterns of drinking may suggest that recommendations regarding the frequency of drinking alcohol should also be considered.
The association between alcohol consumption and HbA 1c is complex, and may depend on the quantity and the context in which it is drunk. At the same time, residual confounding and inaccurate reporting of intake may conceal the true nature of the relationship. If the weight of evidence from prospective studies confirms the inverse association between alcohol consumption and HbA 1c observed in this study, then, by shifting the population distribution of HbA 1c and reducing the risk of CVD, moderate alcohol intake may have benefits that extend beyond the association we observed with HbA 1c .
